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Porcine reproductive and respiratory syndrome (PRRS) virus has become a major cause of respiratory disease in 5-&week-old pigs in the United States. 3 PRRS was first observed in the United States in 1987 5 and in Europe in 1990. 7 Virus isolation techniques have been described, and the virus has been characterized. 1,2 PRRS virus (PRRSV) serum antibody detection techniques have also been developed. 9, 10 Clinical signs of PRRS in growing pigs include pyrexia, lethargy, anorexia, chemosis, and patchy dermal cyanosis. 2, 3 Gross lung lesions are variable or absent, but most infected pigs have microscopic lesions of interstitial pneumonia.
An immunoperoxidase test on formalin-fixed tissues from infected pigs would be useful as a simple and rapid diagnostic test, as a means to study the pathogenesis of PRRSV-induced disease, and as a tool to do retrospective studies. The development of such a test is described here.
Preinoculation serum from 4 3-week-old colostrum-deprived pigs was collected and tested at National Veterinary Services Laboratory (NVSL) in Ames, Iowa, for the presence of PRRSV and antibody. The indirect immunofluorescent assay (IFA 1:20) was done using MARC-145 cells infected with the NVSL strain of PRRSV. Virus isolation was done on MARC-145 cells. No antibody was detected, and no PRRSV was isolated from the preinoculation sera.
The 4 3-week-old PRRSV-negative animals were inocu-Figure 1. Immunohistochemical stain of lung from a pig infected 9 days previously with PRRSV. Positive staining is demonstrated within the cytoplasm of macrophages and sloughed cells in the alveolar spaces. ABC staining with hematoxylin counterstain. Figure 2 . Immunohistochemical stain of lung from a pig infected 4 days previously with PRRSV. Positive staining is demonstrated within cellular debris in terminal airway lumina. ABC staining with hematoxylin counterstain. lated intranasally with 10 5.8 TCID 50 of PRRSV US isolate ATCC VR 2386 propagated on ATCC CRL 11171 cells. These pigs were housed on elevated woven-wire decks and fed a commercial milk replacer. Two pigs were necropsied at 4 days postinoculation (DPI) and 2 at 9 DPI.
At the time of necropsy, the right and left lungs from each pig were separated and inflated via the primary bronchus with 45 ml of 1 of 4 fixatives, 10% neutral buffered formalin, Bouin's solution, Histochoice, a or a mixture containing 4% formaldehyde and 1% glutaraldehyde (4F:lG), and then immersion fixed for 24 hours. The tissues fixed in Bouin's were rinsed in 5 30-minute changes of 70% ethyl alcohol after 4 hours fixation. All the tissues were routinely processed in an automated tissue processor beginning in 70% ethyl alcohol. Tissues were processed to paraffin blocks within 48 hours of necropsy.
Sections 3 µm thick were mounted on poly-L-lysine-coated glass slides, deparaffinized with 2 changes of xylene, and rehydrated through graded alcohol baths to distilled water. Endogenous peroxidase was removed by 3 10-minute washes in 3% hydrogen peroxide. This was followed by a wash-bottle rinse with 0.05 M Tris buffer (pH 7.6) (TRIS) followed by a 5-minute TRIS bath. Protease digestion was performed on all tissue sections except those fixed in Histochoice. Digestion was done in 0.05% protease (Protease XIV b ) in TRIS for 2 minutes at 37 C. Digestion was followed by a TRIS washbottle rinse and then a 5-minute cold TRIS bath. Blocking for 20 minutes was done with a 5% solution of normal goat serum. b The primary antibody used was a monoclonal ascites fluid (SDOW-17 c ) diluted 1:1,000 in TRIS phosphate-buffered saline (PBS) (1 part TRIS : 9 parts PBS [0.01 M, pH 7.2]). This monoclonal antibody recognizes a conserved epitope on the PRRSV nucleocapsid protein. 6 The tissue sections were flooded with primary antibody and incubated at 4 C for 16 hours in a humidified chamber. The primary antibody incubation was then followed by a wash-bottle rinse with TRIS, a 5-minute TRIS bath, and a 5-minute TRIS bath containing 1% normal goat serum. The sections were flooded with biotinylated goat anti-mouse antisera d for 30 minutes. The linking antibody incubation was followed by 3 rinses in TRIS as was done following primary antibody incubation. The sections were then treated with peroxidase-conjugated streptavidin e diluted 1:200 in TRIS/PBS for 40 minutes followed by a TRIS wash-bottle rinse and a 5-minute TRIS bath. The sections were then incubated with freshly made 3,3'-diaminobenzidine tetrahydrochloride f for 8-10 minutes at room temperature and rinsed in a distilled water bath for 5 minutes. Counterstaining was done in hematoxylin, g and the sections were rinsed with Scott's tap water (10 g MgS 4 , 2 g NaHCO 3 in 1 liter ultrapure water) and then with distilled water. After dehydration, the sections were covered with mounting medium and a coverslip was applied.
Two negative controls were included. Substitution of TRIS/ PBS in place of the primary antibody was done for 1 control. For the other control, uninfected age-matched gnotobiotic pig lungs were substituted for PRRSV-infected lungs. Lung tissue from a 2-week-old gnotobiotic pig infected with virulent porcine respiratory virus (PRCV) isolate AR310 was also included as a control. This isolate induces moderate proliferative and necrotizing bronchointerstitial pneumonia. 4 No staining was observed in the negative controls or in the PRCV-infected lung.
Histologic changes in infected tissues were characterized by moderate multifocal proliferative interstitial pneumonia with pronounced type 2 pneumocyte hypertrophy and hyperplasia, moderate infiltration of alveolar septa with mononuclear cells, and abundant accumulation of necrotic cell debris and mixed inflammatory cells in the alveolar spaces. No bronchial or bronchiolar epithelial damage was observed; however, there was necrotic cell debris in the smaller airway lumina.
Intense and specific staining in the cytoplasm of infected cells was observed in the formalin-and Bouin's-fixed tissues. Staining was less intense and specific in the 4F:1G-fixed tissues. There was Door staining;. Door cellular detail. and mod-erate background staining in the Histochoice-fixed tissues. Background staining was negligible with the other fixatives. Cellular detail was superior in the formalin-fixed tissue sections and adequate in the Bouin's-and 4F:1G-fixed tissues.
The labeled antigen was primarily within the cytoplasm of sloughed cells and macrophages in the alveolar spaces ( Fig.  1) and within cellular debris in terminal airway lumina (Fig.  2) . Comparison with hematoxylin and eosin-stained sections from the same block indicated that most of the labeled cells were macrophages, and some were likely sloughed pneumocytes. Lesser intensities of staining were observed in mononuclear cells within the alveolar septa and rarely in hypertrophied type 2 pneumocytes. Using an immunoperoxidase technique on frozen sections, other investigators 8 were able to detect antigen in epithelial cells of bronchioles and alveolar ducts and within cells in the alveolar septa and alveolar spaces. We were unable to detect antigen in bronchiolar epithelium.
A streptavidin-biotin complex (ABC) technique using a PRRSV monoclonal antibody was developed to identify PRRSV-infected porcine lungs. Both 10% neutral buffered formalin and Bouin's solution were acceptable fixatives. Protease digestion enhanced the antigen detection without destroying cellular detail. This technique should be quite useful for the diagnosis and research of PRRSV-induced pneumonia of pigs. Brucella canis is an important cause of canine abortion and infertility worldwide. Since the initial recognition of this microorganism, 3 several different serologic tests have been developed for diagnosis of infection; however, there are no standardized serodiagnostic protocols. Also, there is no general agreement on the most appropriate test; each laboratory determines its own criteria. This diversity of tests and the lack of a common protocol leads to difficulties in interpretation of serologic results obtained by different laboratories or investigators. Our aim was to compare results of the most commonly used serologic tests to establish equivalences between several diagnostic protocols that could be used.
The serologic tests analyzed were the rapid slide agglutination test (RSAT) using B. ovis 8 and B. canis (less mucoid strain, M-), the RSAT with 2-mercaptoethanol(2-Me) with both antigens, 2,5 the 2-Me-tube agglutination test (2-Me-TAT), 1 and the agar gel immunodiffusion (AGID) test using hot saline extracts (HSE) 11 and cytoplasmic antigens (CPAg) of B. canis 6 which were treated with methylene chloride a to eliminate residual rough lipopolysaccharide. 4 In the RSAT and 2-Me-RSAT using the B. canis (M-) antigen, the final suspension was buffered at pH 8.3 instead of pH 7.0 as originally described (L. E. Carmichael, personal communication). All tests were applied to 346 sera obtained from stray dogs of Catalonia (Spain), an area where B. canis seroprevalence is about 6.5% as determined by using the 2-Me-RSAT (M-) as a screening test with positive results confirmed by AGID (CPAg) (unpublished results). Results of serologic tests were compared by means of kappa values, which measure agreement between tests beyond that expected by chance. 9 These values were calculated with the Episcope program. b Table 1 summarizes results of the analysis of sera for each test. The number of positive results range from 70 (20.2%) From the Unit of Infectious Diseases and Epidemiology, Veterinary Faculty, Universitat Autònoma de Barcelona, 08193 Bellaterra, Spain.
Received for publication July 26, 1993. in RSAT (B. ovis) to 9 (2.6%) in 2-Me-TAT (titer ≥ 1:200). None of the sera negative in the RSAT were positive in the 2-Me-RSAT. Of the 50 sera yielding positive results in AGID (HSE), 26 could not be confirmed by the 2-Me-RSAT nor the AGID (CPAg), and only 1 had a positive result in 2-Me-TAT (≥ 1:50). Four sera were positive only in AGID (HSE) tests. Certain other sera gave equivocal precipitation lines with HSE and were classified as negative. Tables 2 and 3 show the kappa values of agreement between tests. The RSAT (B. ovis) agreed closely with the RSAT (M-), but agreement was significantly enhanced when 2-Me was added, as has also been found by other investigators. 5 The 2-Me-RSAT and 2-Me-TAT were in close agreement if all sera with titers ≥ 1:50 were considered positive. The agreement between the 2 2-Me agglutination tests was reduced if only titers ≥ 1:200 in 2-Me-TAT were considered as indicative of an active infection status. This lack of agreement may be attributable to sera containing significant but low levels of specific agglutinins capable of reacting with 2-Me-RSAT antigen but not enough to produce a positive
